Valency-Controlled Molecular Spherical Nucleic Acids with Tunable Biosensing Performances.
Spherical nucleic acids (SNAs) play critical roles in many fields, such as molecular diagnostics, disease therapeutics, and materials application. Due to the important role of DNA density on the properties of SNAs, the controlled synthesis of monodisperse SNAs with precise DNA density is an important approach for the structure-function relationship study and finite functions regulation of SNAs. In particular, the construction of monodisperse SNAs in a valency-tunable and site-specific manner is highly important; however, it is still challenging. Herein, on the basis of the high controllability, nanometer precision, and addressable modification ability of framework nucleic acid (FNA), we develop the concept of valency-controlled framework nucleic acid core-based molecular spherical nucleic acids (FNA-mSNAs) with tunable biosensing performances. The FNA-mSNAs consist of a valency-tunable FNA-based DNA nanocube as the core and a controlled, precise number of DNA strands per core. By simply alternating the binding site number for shell DNA strands on the DNA nanocube, homogeneous FNA-mSNAs with different valencies were easily designed, which enabled the molecular level study of the effect of valency on their properties, such as nuclease stability and cellular uptake. Furthermore, taking advantage of the addressable modification ability of FNA, the first heterogeneous molecular SNAs with tunable valency were demonstrated. Importantly, the valency of heterogeneous FNA-mSNAs was able to tune their biosensing performance, such as response dynamics, detection sensitivity, and response range. With these remarkable features, FNA-mSNAs provide new research methods for the development of functional SNAs at the molecular level for a wide range of biological applications.